We investigated the pregnancy outcomes in women who were diagnosed with gestational diabetes mellitus (GDM) by the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) criteria but not by the Carpenter-Coustan (CC) criteria. Methods: A total of 8,735 Korean pregnant women were identified at two hospitals between 2014 and 2016. Among them, 2,038 women participated in the prospective cohort to investigate pregnancy outcomes. Diagnosis of GDM was made via two-step approach with 50-g glucose challenge test for screening followed by diagnostic 2-hour 75-g oral glucose tolerance test. Women were divided into three groups: non-GDM, GDM diagnosed exclusively by the IADPSG criteria, and GDM diagnosed by the CC criteria. Results: The incidence of GDM was 2.1% according to the CC criteria, and 4.1% by the IADPSG criteria. Women diagnosed with GDM by the IADPSG criteria had a higher body mass index (22.0±3.1 kg/m 2 vs. 21.0±2.8 kg/m 2 , P<0.001) and an increased risk of preeclampsia (odds ratio [OR], 6.90; 95% confidence interval [CI], 1.84 to 25.87; P=0.004) compared to non-GDM women. Compared to neonates of the non-GDM group, those of the IADPSG GDM group had an increased risk of being large for gestational age (OR, 2.39; 95% CI, 1.50 to 3.81; P<0.001), macrosomia (OR, 2.53; 95% CI, 1.26 to 5.10; P=0.009), and neonatal hypoglycemia (OR, 3.84; 95% CI, 1.01 to 14.74; P=0.049); they were also at an increased risk of requiring phototherapy (OR, 1.57; 95% CI, 1.07 to 2.31; P=0.022) compared to the non-GDM group. Conclusion: The IADPSG criteria increased the incidence of GDM by nearly three-fold, and women diagnosed with GDM by the IADPSG criteria had an increased risk of adverse pregnancy outcomes in Korea.
INTRODUCTION
Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with an onset or initial recognition dur-ing the present pregnancy [1, 2] . GDM is a common medical complication of pregnancy and is associated with various perinatal morbidities, including preeclampsia, cesarean delivery, macrosomia, birth injury, and neonatal hypoglycemia [3] [4] [5] [6] .
The number of women diagnosed with GDM has increased in the past decades, and this statistic is attributable to increased obesity and age among pregnant women [7, 8] . It is also well known that treatment of GDM reduces serious perinatal morbidities [9] . Thus, an effective diagnostic method as well as optimal medical and obstetric management is crucial to reduce the adverse pregnancy outcomes of GDM.
In 2010, the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) proposed new diagnostic criteria for GDM based on the results of the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study [4, 10] . The IADPSG criteria adopted a one-step approach using a 75-g 2-hour oral glucose tolerance test (OGTT). Compared to the Carpenter-Coustan (CC) criteria [11] , the diagnostic threshold for glucose values was lowered, and only one abnormal value was sufficient for a diagnosis of GDM based on the IADPSG criteria. The introduction of the IADPSG criteria is estimated to increase the incidence of GDM from 5% to 6% to 15% to 20% [12] . In addition, there are concerns regarding increased healthcare cost and the impact on medical infrastructure [13] . Currently, the World Health Organization, the International Diabetes Federation, and the American Diabetes Association have endorsed the IADPSG criteria, but the American Congress of Obstetricians and Gynecologists has not [1, [14] [15] [16] .
There is ongoing debate regarding the impact of adopting the IADPSG criteria. Specifically, it is not clear to what extent the incidence of GDM would increase in different populations with different healthcare systems. In addition, there are conflicting reports concerning the influence of the IADPSG criteria on maternal and neonatal outcomes [17] [18] [19] . Although several studies have evaluated the utility of the IADPSG criteria in the East Asian population [20, 21] , the IADPSG criteria have not been investigated in Koreans. In this prospective observational cohort study, we investigated (1) the influence of the IADPSG criteria on the incidence of GDM in the Korean population and (2) pregnancy outcomes in women who were diagnosed with GDM by the IADPSG criteria but not by the CC criteria.
METHODS

Study participants
This was a prospective observational cohort study involving women with singleton pregnancies at Cheil General Hospital & Women's Healthcare Center, Dankook University College of Medicine and Seoul National University Bundang Hospital. Pregnant women who had their initial prenatal visit before 24 weeks of gestation and were scheduled to receive prenatal obstetric care and deliver at Cheil General Hospital & Women's Healthcare Center or Seoul National University Bundang Hospital were recruited between August 2014 and October 2016. Women were excluded if they had multiple pregnancies, they had overt or pregestational diabetes, their delivery was planned at another hospital, their last menstrual period was not definitive and an ultrasound evaluation was not performed between 6 and 24 weeks. Each of the participants gave written informed consent regarding this study. This study was approved by the Institutional Review Board (IRB) of Dankook University, Cheil General Hospital & Women's Healthcare Center (IRB number: CGH-IRB-2013-58) and the IRB of Seoul National University Bundang Hospital (IRB number: B-1309/220-001).
Diagnosis and treatment of GDM
Between 24 and 28 weeks of gestation, all women were screened via the 50-g glucose challenge test (GCT) regardless of fasting. Those who had glucose values above 140 mg/dL underwent diagnostic 75-g 2-hour OGTTs after 10 hours of fasting on a different day. GDM was diagnosed by the CC criteria (two or more abnormal values using the following blood glucose thresholds: fasting ≥95 mg/dL; 1-hour ≥180 mg/dL; and 2-hour ≥155 mg/dL). However, 3-hour glucose was not measured and was omitted from the CC criteria. Women diagnosed with GDM by the CC criteria were managed according to the standard clinical practice guidelines [22] . Treatment consisted of medical nutritional therapy, increased physical activity, and adequate weight management with the following glucose targets: fasting ≤95 mg/dL and 2-hour ≤120 mg/dL. If these goals were not met, insulin therapy was added. The diagnostic scheme and care of patients with GDM did not change during the study period. We also identified women who would be diagnosed with GDM by the IADPSG criteria (one or more abnormal values using the following glucose thresholds: fasting ≥92 mg/dL; 1-hour ≥180 mg/dL; and 2-hour ≥153 mg/dL) but not by CC criteria. These women were not managed as GDM patients and only had routine prenatal obstetric care. We stratified participants into nonoverlapping groups of (1) women with no GDM by either the IADPSG criteria or the CC criteria (no GDM group), (2) women exclusively diagnosed with GDM by the IADPSG criteria and not by the CC criteria (IADPSG GDM group), and (3) women diagnosed with GDM by the CC criteria (CC GDM group).
During the period between August 2014 and October 2016, 8,735 women with singleton pregnancies underwent a diagnostic test for GDM in our institutions ( Fig. 1 ). Anonymized data on the 50-g GCT screening and the 75-g OGTT were used to estimate the incidence of GDM by either the IADPSG or CC criteria. For investigation of pregnancy outcomes, a total of 2,038 women agreed to participate in the prospective cohort study. The clinical characteristics of the prospective cohort participants are shown in Table 1 .
Adverse pregnancy outcomes
Maternal and neonatal outcomes were compared among the three groups. For maternal outcomes, we investigated preeclampsia, labor induction, primary cesarean delivery, and preterm delivery. Preeclampsia was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg on two or more occasions and proteinuria ≥1+ on a dipstick test or urine protein level ≥300 mg during a 24-hour period [23] . Preterm delivery was defined as delivery before 37 gestational weeks. For neonatal outcomes, we investigated large for gestational age (LGA) births, defined as birth weight > the 90th percentile; macrosomia, defined as birth weight >4,000 g regardless of the gestational age of the fetus [24] ; small for gestational age births, defined as birth weight <10th percentile; shoulder dystocia or birth injury; neonatal hypoglycemia; requirement of phototherapy; and neonatal intensive care unit (NICU) admission. Birth weight percentile was estimated using the baby's sex, gestational age, and maternal parity [25] ; neonatal hypoglycemia was defined as glucose values ≤30 mg/dL in the first 24 hours after birth or ≤45 mg/dL after the first 24 hours after birth [10] . NICU admission included any type of unit care that was more intensive than normal newborn care and lasted 24 hours. The overall adverse pregnancy outcomes included preeclampsia, labor induction, primary cesarean delivery, LGA, 
Statistical analysis
Categorical values are reported as frequencies or percentages, and continuous variables are reported using the mean±standard deviation. Comparisons among the three groups were performed using analysis of variance (ANOVA) for continuous variables and chi-square test for categorical variables. A post hoc analysis of ANOVA was performed using Tukey's method. Multiple logistic regression was performed to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for dichotomous outcomes for both the IADPSG GDM group and the CC GDM group compared to the no GDM group. In model 1, no covariate was included for adjustment. In model 2, maternal age, parity, height, body mass index (BMI) at delivery, gestational age at delivery, and baby's sex were included for adjustment. All statistical analyses were performed using IBM SPSS Statistics version 23 (IBM Co., Armonk, NY, USA). A P<0.05 was considered statistically significant.
RESULTS
Incidence of GDM according to diagnostic criteria
During the study period, a total of 8,735 singleton pregnancies that were eligible according to the inclusion and exclusion criteria were identified. A total of 1,895 women (21.7%) had a glucose value ≥140 mg/dL in the 50-g GCT and were given a further diagnostic 75-g OGTT. Among those who participated in the 75-g OGTT, 1,356 women were not diagnosed with GDM, 359 women were diagnosed with GDM exclusively by the IADPSG criteria, and 180 women were diagnosed with GDM by the CC criteria (Fig. 1) . The overall incidence of GDM based on the CC criteria was 2.1% (95% CI, 1.8 to 2.4), and an additional 4.1% (95% CI, 3.7 to 4.6) of the participants were diagnosed with GDM by the IADPSG criteria. When the IADPSG criteria were applied, the incidence of GDM increased nearly 3-fold, from 2.1% to 6.2% (95% CI, 5.7 to 6.7). Among the 131 women who participated in the prospective follow-up and were additionally diagnosed with GDM by the IADPSG criteria, 122 (93.1%) had one abnormal value, eight (6.1%) had two abnormal values, and one (0.8%) had three abnormal values during the 75-g OGTT. Out of these women, 42 (32.1%) had abnormal fasting glucose, 27 (20.6%) had abnormal 1-hour glucose, and 72 (55.0%) had abnormal 2-hour glucose values.
Maternal characteristics of GDM
Among the 8,375 pregnant women who were eligible, 2,038 (24.3%) participated in the prospective observational cohort to investigate pregnancy outcomes (Table 1 ). There were significant differences in age and BMI at the 50-g GCT, prepregnancy BMI, BMI at delivery, and weight gain during pregnancy among the three groups. In the post hoc analysis, women in the CC GDM group had higher prepregnancy BMI and BMI at the 50-g GCT and lower weight gain during pregnancy compared to women in the IADPSG GDM group (P<0.05). The prevalence of combined overweight and obesity was 18.8%, 30.5%, and 43.5% in the No GDM, IADPSG GDM, and CC GDM groups, respectively (P<0.001). There were also significant differences in glucose values of the 50-g GCT and 75-g OGTT LGA, large for gestational age; SGA, small for gestational age; NICU, neonatal intensive care unit. a P for analysis of variance in the case of continuous variables and chi-square test in the case of discrete variables. The overall adverse pregnancy outcomes included preeclampsia, labor induction, primary cesarean delivery, birth weight above the 90th percentile, macrosomia, birth weight below the 10th percentile, shoulder dystocia or birth injury, neonatal hypoglycemia, phototherapy, and NICU admission. (P<0.05). However, there was no significant difference in blood pressure, parity, or gestational age at the 75-g OGTT among the three groups. In the CC GDM group, 28 women (40.8%) received insulin treatment during pregnancy.
Association between GDM diagnostic criteria and pregnancy outcomes
Women in the CC GDM group were managed according to standard clinical practice guidelines. However, women in the IADPSG GDM group were not managed as GDM patients and had routine prenatal obstetric care. Regarding maternal outcomes (Table 2) , there was a significant difference in the frequency of preeclampsia among the three groups (P<0.05). The frequency of labor induction, primary cesarean delivery, and preterm delivery did not differ among the three groups. Regarding neonatal outcomes (Table 2) , we observed significant differences in gestational age at delivery, birth weight, LGA, macrosomia, neonatal hypoglycemia, and requirement for phototherapy (P<0.05).
In the multiple logistic regression analysis (Table 3) , the IADPSG GDM group showed a significantly increased risk of preeclampsia, LGA, macrosomia, neonatal hypoglycemia, and requirement for phototherapy in both the unadjusted and adjusted models (P<0.05). The CC GDM group, in which management for glycemic control was provided, had an increased risk of LGA, macrosomia, and neonatal hypoglycemia compared to the no GDM group (P<0.05). The overall adverse pregnancy outcomes were more frequently observed in the IADPSG GDM group compared to the no GDM group, with an OR of 1.63 (95% CI, 1.08 to 2.47; P=0.021). However, there was no significant increase in overall adverse outcomes in the CC GDM group.
DISCUSSION
In this prospective observational study, we estimated that the incidence of GDM would increase by nearly 3-fold, from 2.1% using the CC criteria to 6.2% using the IADPSG criteria. There were significant differences in maternal characteristics regarding prepregnancy BMI and BMI at delivery among the three groups, with women in the CC GDM group having the highest BMI. Compared to the no GDM group, women in the IADPSG GDM group had an increased risk of preeclampsia, and neonates had an increased risk of LGA, macrosomia, and neonatal hypoglycemia. To the best of our knowledge, this is the first prospective cohort to investigate the impact of the IADPSG criteria on the incidence of GDM and pregnancy outcomes in Korea. The results of this study provide important data to discuss whether the IADPSG criteria should be applied more widely in Korea.
The incidence of GDM depends not only on the diagnostic method but also on the ethnicity of the study population, and prevalence of obesity and diabetes. Therefore, it would be important to investigate how the IADPSG criteria would influence the incidence of GDM in different ethnic populations and different healthcare systems. According to the study design, Table 3 . Continued GDM incidence might have been underestimated using both the IADPSG criteria and the CC criteria in this study. It is expected that the incidence of GDM would increase by two to three-fold if the IADPSG criteria are used [26] . In the original HAPO study, the incidence of GDM based on the IADPSG criteria was estimated to be 17.8% [12] . In a study comparing the IADPSG criteria and CC criteria in a Chinese population, it was shown that the incidence of GDM would increase to 19.9% from 7.98% [20] . In Japan, the adoption of the IADPSG criteria also increased the incidence of GDM to 6.6% compared to 2.4% based on the Japan Society of Obstetrics and Gynecology criteria [21] . The three-fold increase in GDM incidence observed in our study is in accordance with other study results in the Asian population. It is expected that the increase in GDM incidence would have a substantial impact on medical costs, resource allocation, and medicalization of pregnancy [13] . Further investigations are warranted regarding the cost effectiveness of the IADPSG criteria in terms of reducing overall adverse pregnancy outcomes in this population. Women who were diagnosed with GDM by the IADPSG criteria were characterized by a mild degree of metabolic deterioration. Women in the IADPSG GDM group had elevated glucose concentrations compared to the no GDM group but not as high as those of the CC GDM group. Compared to the CC GDM group, women in the IADPSG GDM group were less obese as estimated by lower prepregnancy BMI and lower BMI at the time of the 50-g GCT. The mean BMI of the IADPSG GDM group was only 22.0 kg/m 2 . Nevertheless, it should be noted that there was a linear increase in the prevalence of combined overweight/obesity in the no GDM (18.8%), IADPSG GDM (30.5%), and CC GDM (43.5%) groups. It is well known that obesity is a major risk factor for GDM [27] . A recent study showed that prepregnancy overweight and obesity account for a significant proportion of LGA infants [28] . From these findings, it would be acceptable to state that a small increase in prepregnancy BMI or being overweight/obese is a significant risk factor for GDM and related adverse pregnancy outcomes in our study population.
Women diagnosed with GDM by the IADPSG criteria were at increased risk of several adverse pregnancy outcomes, including preeclampsia, LGA, macrosomia, neonatal hypoglycemia, and requirement of phototherapy. When the IADPSG criteria were applied to the HAPO study, the frequency of LGA increased by approximately two-fold [4] . Consistently, our results showed that those in the IADPSG GDM group had a 2.39-fold and 2.53-fold increased risk for LGA and macrosomia, respectively. Although clinical practice for glycemic control was provided according to the guidelines, there was still an increased risk of macrosomia in the CC GDM group. This suggests that further efforts are required to reduce adverse pregnancy outcomes in GDM women. Other outcomes, including preeclampsia, birth injury, and neonatal hypoglycemia, developed in only 12, 11, and 15 subjects among 2,038 participants, respectively, and the incidences were below 1%. Among these infrequent adverse outcomes, rates of preeclampsia and neonatal hypoglycemia were significantly higher in the IADPSG GDM group. However, the estimated ORs might have been overestimated due to the small number of outcomes. We also estimated overall adverse outcomes by including 11 adverse pregnancy outcomes and found that women in the IADPSG GDM group had a 1.63-fold increased risk. Interestingly, the risk of overall adverse outcomes in the CC GDM group was not significantly different from that in the No GDM group. It could be speculated that treatment of GDM by medical nutritional therapy and insulin might have reduced several adverse pregnancy outcomes, such as preeclampsia and requirement of phototherapy.
There were several limitations regarding our study. First, the IADPSG criteria were not applied as a one-step approach. Instead, 50-g GCT was used for universal screening, and only those who had glucose levels above 140 mg/dL were selected for the 75-g OGTT. Therefore, we might have missed a number of women who would have been additionally diagnosed with GDM by the IADPSG criteria. Second, regarding the CC GDM criteria, a 75-g OGTT was used instead of a 100-g OGTT, and the 3-hour glucose level was omitted. It is also likely that the incidence of GDM in the CC GDM group is underestimated. Third, we were not able to collect data on cord Cpeptide level or neonate body fat percentage. These two outcomes were used to determine the diagnostic threshold of the IADPSG criteria [4] . Nevertheless, we included clinical outcomes that are associated with these measures, such as neonatal hypoglycemia, shoulder dystocia, and birth injury.
Currently, the Korean Diabetes Association endorses using both the IADPSG criteria and the CC criteria for the diagnosis of GDM. However, the IADPSG criteria are not widely used in Korea. There are certain concerns regarding the adoption of the IADPSG criteria. It is still controversial whether using the IADPSG criteria would be cost effective [18, 29] , and this depends on various factors, including the healthcare system and the total cost to treat GDM. Furthermore, it is not clear whether treatment of these mild GDM patients will result in improved pregnancy outcomes. Previous clinical trials have shown that interventions were effective in reducing adverse outcomes in mild GDM patients [9, 30] . Nevertheless, further investigations are required to validate this finding using the same IADPSG criteria. In summary, our study confirms that the IADPSG criteria would increase the incidence of GDM by nearly three-fold, and women diagnosed with GDM based on the IADPSG criteria would be at increased risk of overall adverse pregnancy outcomes, including preeclampsia, LGA, macrosomia, neonatal hypoglycemia, and requirement of phototherapy. Further investigation on the cost effectiveness and pregnancy outcomes in treating women diagnosed by the IADPSG criteria in Korea will be critical for deciding whether to accept the IADPSG criteria more widely.
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